MATH 241B : ToricSs IN APPLIED MATHEMATICS

California State University, Sacramento * Department of Mathematics & Statistics

With the permission of the department, this course (offered with different topics) may be taken for credit
more than once. This course is offered in the Spring.

This is a topics in modern applied mathematics course designed to present a variety of methods of modern
analysis and differential equations useful in solving problems originating in science and engineering. The
topics, chosen from modern fields of applied mathematics, may vary depending upon the interests of the
instructor. Topics may be selected from the following areas: Generalized Functions (Fourier Transforms,
Green’s Functions), Calculus of Variations (Euler-Lagrange Equations, Isoperimetric Inequality, Eigen-
value Problems), Topics in Functional Analysis (Hahn-Banach Theorem, Bounded and Continuous Oper-
ators, Weak™ Convergence, Sobolev Spaces), Dynamical Systems (Autonomous and Nonautonomous Sys-
tems, Stability, Liapunov Functions, Poincare-Bendixson Theorem), Integral Equations (Hilbert-Schmidt
Theory, Fredholm Theory), Potential Theory (Harmonic Functions, Green’s Functions), and Optimal
Control Theory (Controllability, Bang-Bang Principle, Pontryagin Maximum Principle).

CATALOG DESCRIPTION

Continuation of Math 241A with topics: Calculus of Variations, Functional Analysis, Dynamical Systems,
Integral Equations, Sobolev Spaces, Fourier Analysis, Potential Theory, and Optimal Control Theory. Note:
May be taken twice with approval of the graduate coordinator. Graded: Graded Student. Units: 3.0.

PREREQUISITES

Math 241A.

COURSE OUTLINE

I. Review of Advanced Calculus and Analysis (1 week)
II. Calculus of Variations: The Elements (2 weeks)

A. Function Spaces and Functionals
B. The Gateaux Differential
C. Euler-Lagrange Equations

(Students will learn the theoretical underpinnings of variational methods.)
III. Calculus of Variations: Further Developments and Applications (3 weeks)

A. Second Variation

B. Hamilton’s Principle

C. Brachistochrone Problem, Isoperimetric Inequality, and Geodesics on Surfaces
D. Variational methods applied to eigenvalue problems

(Students will apply variational methods to solve some classic optimization problems in physics and
applied mathematics.)

IV. Dynamical Systems: Linear Theory (2 1/2 weeks)



VI

A. Fundamental Solutions
B. Autonomous Linear Systems and Phase Portraits
C. Critical Points and Stability

(Students will learn to solve linear systems of differential equations, to locate the critical points of the
system, and analyze the stability of the system near a critical point.)

Dynamical Systems: Nonlinear Theory (3 1/2 weeks)

A. Autonomous Nonlinear System
B. Linearizing a Nonlinear System at a Critical Point
C. Stability
D. Liapunov Functions
E. Poincare-Bendixson Theorem
(Students will learn to analyze the stability of a nonlinear dynamical system using both linearization

and Liapunov functions, and how to apply the Poincare-Bendixson theorem to determine the existence
of a closed orbit.)

Dynamical Systems: Applications (2 weeks)

A. Conservative Force Fields and Elliptical Planetary Orbits
B. Hamiltonian Mechanics
C. Volterra-Lotka Predator-Prey Equations

(Students will apply techniques of dynamical systems to analyze solutions of problems from applied
mathematics and related fields.)
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